The electrochemical behaviour of 4-tertbutylcyclohexanone semicarbazone (TBCHSC) and its Co(II) complex was investigated by a glassy carbon electrode, cyclic voltammetry technique. Semicarbazone synthesized from the condensation of 4-tertbutylcyclohexanone and semicarbazide hydrochloride (1:1 molar ratio) was further treated with cobalt(II) acetate (2:1 molar ratio), to form the Co(II)-semicarbazone complex. The semicarbazone was studied in buffer solutions (Britton-Robinson universal buffer and phosphate buffer), with a pH in the range of 3 to 11. The reduction process was found to be irreversible and diffusion controlled, for both semicarbazone and its Co(II) complex. The effects of change on the sweep rate, concentration, pH and solvent were evaluated. The semicarbazone reduction mechanism was suggested on the basis of the obtained results. Kinetic parameters, such as charge transfer coefficient (αn), diffusion coefficient (D0 1/2 ), and rate constant (k°f,h), were calculated from cyclic voltammetric measurements. Semicarbazone and its Co(II) complex were tested against bacterial and fungal species. The metal complex had higher activity than the free ligand.
Introduction
The electrochemical technique is one of the greener, more economic, specific and selective approaches [1] [2] . Electrochemical reactions are most often studied with standard three electrode techniques, such as cyclic voltammetry, polarography, etc. Cyclic voltammetry has gained extensive use in providing information about the reduction, oxidation and formation of intermediates, and also on the reversible nature of the electrode transfer processes. Cyclic voltammograms provide valuable information regarding electrode processes [3] [4] . Semicarbazones are amongst the most widely studied nitrogen and oxygen/sulphur donor ligands. They have been a subject of interest in recent decades, due to their biological activity, good complexing properties and analytical applications [5] [6] [7] [8] [9] . Systematic perusal of earlier literature reveals that, in spite of the variegated importance associated to semicarbazones compounds, relatively few reports exist on their electrochemical behaviour [10] [11] [12] [13] [14] [15] [16] . Hence, efforts have been made to undertake cyclic voltammetric studies on 4-tertbutylcyclohexanone semicarbazone (TBCHSC). In this process, TBCHSC's imine group (-C=N-) has been reduced into the amine group (-CH-NH2), in a protic solvent such as CH3OH, by the transfer of 4e
- [17] [18] . In this paper synthesis, spectral analysis, cyclic voltammetric and antimicrobial activity studies of TBCHSC and its Co(II) complex have been carried out.
Experimental
All employed chemicals were of analytical grade. Methanol was freshly distilled prior to use. IR spectra were acquired using an A-8400 S, Shimadzu Spectrophotometer model, and KBr optics.
Ligand synthesis
Semicarbazone was synthesized mixing 4-tertbutylcyclohexanone, semicarbazide hydrochloride and sodium acetate trihydrated (equimolar ratio) in methanol (Scheme I). TBCHSC was synthesized by the standard procedure, as available in the literature [19] [20] 
Cyclic voltammetric study of TBCHSC and its Co(II) complex
Semicarbazone's stock solutions (1×10 -2 M) in dimethylformamide (AR) and methanol were prepared. Britton-Robinson and phosphate buffers were prepared in double distilled water. In the typical cyclic voltammetric experiment, a reaction mixture consists of a compound solution, solvent (the minimum volume necessary to keep the compound in the solution) and a buffer solution (keeping the overall volume constant at 10 mL). The stock solution of the complex was prepared in alcohol and DMF. 1 M NaClO 4 was prepared in double distilled water, and used as supporting electrolyte. The working solution was prepared by taking 1 mL of the stock solution (0.01 M) of the complex and 1 mL of the supporting electrolyte solution (1 M NaClO 4 ). The final solution was made up to 10.0 mL, by adding alcohol or DMF to get 1 mM concentration of the experimental solution. A stream of nitrogen gas was passed over the reaction mixture. The three electrodes (glassy carbon electrode-working electrode, Ag/AgCl-reference electrode and a Pt wire-auxiliary electrode) were connected to the electrochemical cell. Required scan rates, current sensitivity, initial potential and final potential were applied, and the resulting current was measured as a function of the applied potential. The electrochemical reduction behaviour of the synthesized TBCHSC was studied on a glassy carbon electrode in DMF and CH3OH media, using phosphate and B-R buffers, at various sweep rates, pH values and electroactive species concentrations. The compound exhibited one irreversible reduction peak in the cathodic direction. Thus, kinetic parameters, such as charge-transfer coefficient (αn), diffusion coefficient (D0 1/2 ) and rate constant (K 0 f,h) were calculated for an irreversible and diffusion controlled reduction, by using the following equations [21] [22] [23] [24] :
Most of the cyclic voltammograms were recorded with an initial potential (Ei) value of +500 and a switching potential value (Es) of -1100 mV for semicarbazone. For the complex, the Ei value was + 500 and the Es value was -1000 mV, at the scan rates of 50-250 mV/sec. The various parameters employed to evaluate the electrochemical reversibility are listed in Tables 1 to 6 .
Antimicrobial studies
In vitro antibacterial activity of the compounds was studied against gram positive and gram negative bacterial strains, by the agar well diffusion method. Mueller Hinton agar no. 2 was used as bacteriological medium. The antifungal activity of the experimental compounds was investigated by the agar well diffusion method. The yeasts and saprophytic fungi were sub cultured onto Sabouraud's dextrose agar (SDA) (Merck, Germany). The activity index was calculated by the standard zone of inhibition [25] [26] [27] [28] .
Results and discussion

Cyclic voltammetry studies
The cyclic voltammetric results for semicarbazone are given in Tables 1 to 4 , and its voltammograms are depicted in Figs. 1 to 4. The cyclic voltammetric results for the complex are presented in Tables 5 to 6 , and its voltammograms are displayed in Figs. 5 to 6. The cyclic voltammograms were recorded by varying the scan rate, keeping the pH and the solution concentration constant; the data exhibited one irreversible reduction peak at all scan rates. The peak potential value shifted towards the more negative direction, with an increase in the scan rate, indicating that the electrochemical process was irreversible (Fig. 8 ). The peak current was also increased as the scan rate increased for the compounds. The linear nature of the Ipc v/s ν 1/2 plot, with an intercept different of zero, showed that TBCHSC reduction was diffusion controlled (Fig. 7) . The concentration effect on the reduction potential was studied by varying the compound concentration from 1 mM to 4 mM, keeping the scan rate constant. The cathodic peak current was found to linearly increase with an increase in the compound concentration. The plot of Ipc vs. concentration showed linearity, further indicating that the electrode process was diffusion controlled. It was also observed that the peak potential (Epc) shifted towards more negative values, as the compound concentration increased (Table 4 ). This Epc shifts in the cathodic direction, with an increasing concentration, indicated that the reduction products were adsorbed onto the electrode surface; this kind of shift has been theoretically predicted and experimentally observed [29] [30] . The pH effect upon TBCHSC reduction was investigated (Tables 1 to 3 , and Fig.  8 ). The peak potential values of the compounds were found to change with the solution's pH value. This dependence of the peak potential on the pH indicates that the proton transfer took place during the electrode reaction. The peak potential shifts towards more negative values depended upon the solution's pH. This meant that the reduction was easier in acidic media, and difficult in media where the proton concentration was low. The ease of reduction was found to be greater in an acidic pH than in an alkaline pH, which might be because of the formation of an easily reducible protonated intermediate. Cyclic voltammograms were recorded in two different media: a DMF-phosphate buffer and a CH3OH-phosphate buffer. It was observed that the peak potential shifted towards more negative values in the presence of an aprotic solvent (DMF), and the shift magnitude depended on the solvent nature. The shift order observed in the present study was DMF-phosphate > CH3OH-phosphate buffer. This trend paralleled the trend observed in the solvent viscosity (DMF 0.796 > methanol 0.544). In this process, the imine group (-C=N-) 4-tertbutylcyclohexanone semicarbazone was reduced into the amine group (-CH-NH2), in a protic solvent such as CH3OH. Since all steps involved in the reaction mechanism took place at the same potential, it occurred a single reduction peak corresponding to the transfer of four electrons (Scheme III). In the case of the complex, no anodic peak appeared, indicating the irreversible nature of the electrode process [31] . The electrode nature was also confirmed from the peak potential value that shifted towards the more negative direction, with an increase in the scan rate. The peak current also increased as the scan rate increased for the compounds. The effect of the concentration on the reduction potential was studied by varying the compound concentration from 1 mM to 4 mM, keeping the scan rate constant. It was observed that the peak potential (Epc) shifted towards more negative values, and the cathodic peak current was found to linearly increase as the compound concentration increased. It was also observed that the peak potential shifted to more negative values in the presence of an aprotic solvent, and the shift magnitude depended on the solvent nature (Tables 5  to 6 ). If the reduction of the Co(II) complex and that of the ligand in alcoholic acidic pH were to be compared, it would be observed that the former would be more difficult than the latter, suggesting that the ligand reduction was proton dependant.
Infrared study
The absence of a υ(C=O) band (1745 cm -1 ) of ketone, and the presence of a υ(C=N) band occurred [32] at 1622-1632 cm -1 in the ligand spectra, indicated condensation between the ketonic group and the amino group of semicarbazide. In comparison with the semicarbazone spectra, the Co(II) complex exhibited the ν(C=N) band in the 1590-1603 cm −1 region, showing the band shift to lower wave numbers, and indicating that the nitrogen was coordinated to the metal ion. The υ(C=O) band disappearance at 1700 ± 100 cm -1 (initially present in the semicarbazone spectra), in the Co(II) complex spectra, indicated that the participation of ketonic oxygen resulted in a bond formation. The appearance of new bands in the 579-560 and 386-322 cm -1 regions assignable to υM-O and υM-N, respectively, reflected the bonding of the metal ions to oxygen and nitrogen atoms [33] [34] [35] [36] .
Elemental analysis
This section deals with the elemental (CHNO) analysis of the ligand and its complex ( Table 7) . 
Antimicrobial studies
This section deals with the recent biological studies of semicarbazone and its cobalt(II) metal complex. The results of the antifungal study of TBCHSC and its Co(II) complex on Fusarium oxysporium, Trichoderma reesei (Table 8 ) and on Gram positive bacteria (Bacillus subtilis) and Gram negative bacteria (Escherichia coli) are recorded in Table 9. From Tables 8 to 9 , it is clear that the inhibition was much larger for the metal complex than for semicarbazone. 
Conclusion
From the electrochemical studies, it was concluded that the semicarbazone reduction and its Co(II) complex is irreversible. Keeping in view the feasibility of the reduction site, and on the basis of cyclic voltammetric results, the reduction mechanism shown in the Scheme III may be suggested for the electro reduction of 4-tertbutylcyclohexanone semicarbazones, similar to that reported in the literature [21] [22] [23] [24] . The mechanism finds support from the Epc and Ep1/2 shifts towards the negative potential, with pH, as protons are consumed in the reduction. The antimicrobial activity of the complex is higher in comparison to semicarbazone, which indicates that metallation increases biological activity.
